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(54) Al-Mn-Mg BASED ALLOY ANNEALED SHEET STRENGTHENED BY FINE 
CRYSTAL AND ITS PRODUCTION METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an Al-Mn-Mg based annealed sheet 
having excellent corrosion resistance, containing fine crystal grains in the whole 
region of the sheet thickness of >0.6 mm, useful as the stock for various uses, 
thereby having an excellent balance of strength and ductility. 
SOLUTION: This Al-Mn-Mg alloy annealed sheet has a composition containing 
2.1 to 2.9% Mn and 0.8 to 2.9% Mg, if required, containing 0.05 to 0.5% Cu, in which 
the content of Fe as impurities is controlled to <0.3%, and Si to <0.3%, and the 
balance aluminum with inevitable impurities and has a sheet thickness of >0.6 
mm, in which the Mn solid solution content is 0.4%, intermetallic compound grains 
containing Mn with a size of 0.5 to 1 urn by the diameter of the equivalent circle 
are dispersed by 1 x 105 pieces/mm2 or more, and the whole of the sheet 
thickness is composed of a fine crystal structure with the average crystal grain 
size of <5 um. The annealed sheet is produced by subjecting an alloy having a 
prescribed chemical composition to continuous casting, homogenizing 
precipitation treatment, cold rolling and rapid heating annealing under specified 
conditions. 
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CLAIMS 
[Claim(s)] 

[Claim 1] 2.1 - 2.9% (it is below the same mass%) of Mn and 0.8 - 2.9% of Mg are 
included. It is the annealing plate of the aluminum-Mn-Mg system alloy of 0.6mm 
or more of board thickness which makes Fe of an impurity less than 0.3%, and 
consists less than 0.3% and Si of remainder aluminum and an unescapable impurity 
in it. The amount of Mn dissolution at less than 0.4% The intermetallic-compound 
particle which contains Mn of the magnitude of 0.5-1 micrometer of projected 
area diameters in a matrix is 1x105. An individual / mm2 It is distributing above. 
The aluminum-Mn-Mg system alloy annealing plate of the more than strengthened 
with the fine crystal characterized by the whole board thickness consisting of a 
fine crystal organization of less than 5 micrometers of diameters of average 
crystal grain. 

[Claim 2] The aluminum-Mn-Mg system alloy annealing plate strengthened with 
the fine crystal according to claim 1 characterized by including 0.05 - 0.5% of Cu 
(s) in said aluminum-Mn-Mg system alloy further. 

[Claim 3] The aluminium alloy which has claim 1 or chemical composition 
according to claim 2 After performing homogenization deposit processing on the 
conditions which carry out continuous casting to tabular with the cooling rate of 
150-800 degrees C/second at the time of coagulation and which are held 2-30h 
at 480-580 degrees C, Apply cold rolling of 80% or more of rolling reduction, 
consider as 0.6mm or more of board thickness, and it heats to 290-420 degrees C 
with the programming rate of 5 degrees C/second or more, it is immediately — it 
is — the manufacture approach of the aluminum-Mn-Mg system alloy annealing 
plate strengthened with the fine crystal characterized by performing annealing 
cooled after holding by 600 seconds. 



[Translation done.] 



* NOTICES * 



JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] About the aluminum-Mn-Mg system alloy annealing plate 
with which this invention was strengthened with the fine crystal, and its 
manufacture approach, the obtained plate is excellent in reinforcement and ductile 
balance with the less than 5-micrometer diameter of crystal grain, and will 
become useful as the shaping components for automobiles, and materials, such as 
an electronic equipment case. 
[0002] 

[Description of the Prior Art] Conventionally, many aluminum-Mn-Mg alloys 
represented by 3004 alloys (1.0 - 1.5%Mn~0.8 - 1.3%Mg) have been used from 
excelling in fabrication nature, corrosion resistance, etc. However, it cannot say 
that the annealed material (O material) of an aluminum-Mn-Mg alloy has a 
mechanical strength high enough, but there is a limit of the range used naturally. 
[0003] If high intensity-ization is attained more, without spoiling advantages, such 
as fabrication nature and corrosion resistance, in an aluminum-Mn-Mg alloy, it will 
become the shaping components for automobiles, and a still more useful 
ingredient as an electronic equipment case etc. Especially, that whose board 
thickness is about 0.6-1 .5mm is important as a material for these applications. If it 
is possible to substitute for the alloy of an aluminum-quantity Mg system 
depending on an application and this becomes possible by improvement in on the 
strength, the property which was excellent also in respect of the SCC-proof 
nature which is the weak spot of the alloy of an aluminum-quantity Mg system is 
expectable. 

[0004] In the metallic material of polycrystal, it is just going to be known well for 
the improvement in on the strength to be possible by grain refining, and it is the 
description that the strengthening approach by this fine crystal is not 
accompanied by other strengthening approaches, for example, ductility which is 
seen by work hardening or precipitation strengthening, the moldability, or 
corrosion resistance fall. As a manufacturing technology of the aluminum-Mn-Mg 
system alloy which raised reinforcement by grain refining To JP,2000~80543,A, 
Mg:0.2-2.0%, Mn:0.3-1.5%, Cu:0.05-0.4% and Ti:0.001-0.1% are contained. The 
aluminium alloy with which the remainder consists of aluminum and an 
unescapable impurity is cast in the cooling rate of 180 degrees C/second or more. 



The obtained ingot is homogenized in retention temperature [ of 500-580 degrees 
C '], and holding-time 8-24 hours. By cold-rolling this at 90% or more of rolling 
reduction, and carrying out the last annealing with the cooling rate of 20-200 
degrees C/second further for the programming rate of 10-250 degrees C/second, 
the annealing temperature of 350-450 degrees C, and holding-time 5 to 60 
seconds Obtaining the aluminium alloy foil with which the diameter of crystal grain 
was small with the foil and reinforcement and a moldability were excellent is 
indicated. 

[0005] The distribution density of the insoluble intermetallic compound which it is 
still more specifically specified that the upper limit of the crystal grain after the 
last annealing process is 8 micrometers or less substantially, and whose upper 
limit of last annealing Saki's insoluble metal question compound is 4 micrometers 
or less substantially, and has a dimension in 0.4-4-micrometer range is 2 35000 
pieces/mm. It is specified that it is above. Having rolled out to such thin by JIS 
for the foil with which the upper limit of thickness is specified as 0.2mm commits 
this previous patent in favor of grain refining. This is distortion introduced from a 
rolling front face at the time of cold rolling, and because the effect region of this 
front face covers an ingredient board thickness all field mostly with a foil or thin 
plate about 0.5mm or less, although especially a shear strain brings about grain 
refining near the front face at the time of next annealing. 

[0006] On the other hand, it was difficult to obtain an aluminum-Mn-Mg alloy with 
the property which it was easy to produce the problem which a difference 
produces in the diameter of crystal grain in the direction of board thickness, 
realized the uniform fine crystal organization in use of the above conventional 
techniques, and was excellent in the ingredient of 0.6mm or more of board 
thickness by that cause. 
[0007] 

[Problem(s) to be Solved by the Invention] As described above, originally, in the 
aluminum-Mn-Mg alloy which is excellent in corrosion resistance, this invention is 
board thickness 0.6mm or more useful as the shaping components for 
automobiles, and a material of various applications, such as an electronic 
equipment case, has a fine crystal grain in all the fields of board thickness, and 
makes it a technical technical problem to obtain the annealing plate which was 
excellent in reinforcement and ductile balance with this fine crystal grain 
strengthening. 
[0008] 

[Means for Solving the Problem] By controlling the distribution condition of the 
sludge which mainly consists of aluminum and Mn especially, also in the aluminum- 
Mn-Mg alloy of board thickness 0.6mm or more, since the ingredient which is 
excellent in a header and the balance of reinforcement and ductility by this, and is 
excellent also in corrosion resistance in it being possible to give a uniform fine 
crystal organization to the whole board thickness was obtained, this invention 
person etc. resulted in this invention. 

[0009] Namely, the aluminum-Mn-Mg system alloy annealing plate strengthened 
with the fine crystal according to claim 1 Less than 0.3% and Si are made into less 
than 0.3% for Fe of an impurity including 2.1 - 2.9% of Mn, and 0.8 - 2.9% of Mg. It 



is the annealing plate of the aluminum-Mn-Mg system alloy of 0.6mm or more of 
board thickness which consists of remainder aluminum and an unescapable 
impurity. The amount of Mn dissolution at less than 0.4% The intermetallic- 
compound particle which contains Mn of the magnitude of 0.5-1 micrometer of 
projected area diameters in a matrix is 1x105. An individual / mm2 It is distributing 
above and is characterized by the whole board thickness consisting of a fine 
crystal organization of less than 5 micrometers of diameters of average crystal 
grain. 

[0010] The aluminum-Mn-Mg system alloy annealing plate strengthened with the 
fine crystal according to claim 2 is characterized by said aluminum-Mn-Mg system 
alloy containing 0.05 - 0.5% of Cu(s) further in claim 1. 

[001 1] The manufacture approach of the aluminum-Mn-Mg system alloy annealing 
plate strengthened with the fine crystal according to claim 3 Continuous casting 
of the aluminium alloy which has the above-mentioned chemical composition is 
carried out to tabular with the cooling rate of 1 50-800 degrees C/second at the 
time of coagulation. After performing homogenization deposit processing on the 
conditions held 2-30h at 480-580 degrees C, cold rolling of 80% or more of rolling 
reduction is applied, and it considers as 0.6mm or more of board thickness, heats 
to 290-420 degrees C with the programming rate of 5 degrees C/second or more, 
and is immediately — it is — it is characterized by performing annealing cooled 
after holding by 600 seconds. 
[0012] 

[Embodiment of the Invention] Hereafter, the contents of this invention are 
explained to a detail. 

<Alloy presentation> The sludge of Mn:Mn is carried out in this invention alloy, and 
it forms an intermetallic-compound particle, is the main alloying element 
contributed to uniform grain refining and the improvement in on the strength, and 
is added 2.1 to 2.9%. The intermetallic-compound particle said here is mainly 
aluminum6Mn. Since the distribution density of an intermetallic-compound particle 
becomes it small that Mn addition is less than 2.1%, grain refining is not fully 
carried out, but the homogeneity of the diameter of crystal grain is spoiled, and 
properties, such as a mechanical strength, cannot fully improve, either. If Mn is 
added exceeding 2.9%, since formation of the big and rough crystallization object 
which a healthy tabular ingot is not obtained at the time of casting, or contains Mn 
will not be suppressed and the grain structure uniform as a result and detailed will 
not be obtained, it is unsuitable. 

[0013] Mg:Mg is prescribed to be added 0.8 to 2.9%. Mg promotes the distorted are 
recording at the time of strip processing, and formation of a deformation band, and 
contributes them to formation of the uniform fine crystal organization by 
discontinuity recrystallization while contributing to solid solution strengthening of 
an aluminurn-Mn-Mg alloy. Then, improvement in a mechanical strength is not 
enough attained as Mg is less than 0.8%, and the homogeneity of crystal grain 
becomes inadequate. If Mg is added exceeding 1 .9%, since formation of a crack or 
a big and rough crystallization object is not suppressed at the time of casting and 
a healthy tabular ingot is not obtained, it is unsuitable. Moreover, although it 
becomes advantageous in respect of a moldability so that a value is large 



generally (tensile strength-proof stress), Mg raises work-hardening ability and 
improves a value (tensile strength-proof stress). In order to fully use this 
effectiveness, as for Mg,: being added exceeding 1.5% is desirable. 
[0014] Cu:Cu is an alloying element contributed to the improvement in on the 
strength with Mg, and adding 0.05 to 0.5% is described by claim 2. At less than 
0.05%, if there is no special effectiveness and it adds 0.5% or more, since it will be 
easy to produce a big and rough crystallization object and the homogeneity of an 
organization will be spoiled as a result at the time of casting, it is unsuitable. 
[001 5] Fe, Si: Although both are the unescapable impurity elements in an 
aluminium alloy, they need to control to less than 0.3% respectively. Since a big 
and rough crystallization object will arise and the grain structure uniform as a 
result and detailed will not be obtained at the time of casting if these contain 0.3% 
or more, it is unsuitable. It is still more desirable to control Fe and Si by this point 
to less. than 0.15% respectively. 

[0016] Other components: Using the detailed-ized agent generally used by casting 
of an aluminium alloy may not interfere, and it may also contain less than 
[ Ti0.1% ] and less than [ BO.03% ] as an element for it. The remainder of the 
above-mentioned chemical entity shall consist of aluminum and other unescapable 
impurities. 

[001 7] The <amount of dissolution Mn> The amount of dissolution Mn in the 
aluminum-Mn-Mg alloy plate of this invention is controlled to less than 0.4%. As 
for the amount of dissolution Mn being higher than 0.4%, many dissolution Mn will 
exist also at the time of annealing. Since too much delay of recrystallization takes 
place, and it becomes non-recrystallized structure by this or big and rough crystal 
grain is formed partly, it is unsuitable. Moreover, that there are many amounts of 
dissolution Mn leads also to the amount of the intermetallic compound containing 
Mn which has effectiveness in grain refining becoming less. Therefore, although 
the amount of dissolution Mn is controlled to less than 0.4%, 0.2% or less is still 
more desirable. This amount of dissolution Mn shall be measured with a phenol 
extract analysis method. 

[0018] <Intermetallic-compound particle> In order to make detailed crystal grain 
of the aluminum-Mn-Mg alloy plate of this invention and to give the outstanding 
property, control of distribution of the intermetallic compound containing Mn is 
important Then, especially this invention person etc. found out that grain refining 
was attained, when the particle of the range magnitude of 0.5-1.0 micrometers of 
projected area diameters was distributed densely. This intermetallic compound is 
sludge aluminum6 Mn mainly formed at the time of homogenization deposit 
processing. To both operations to which a perimeter suppresses coarsening 
efficiently with becoming the formation location (recrystallization nucleus site) of 
a recrystallization grain, it is effective and, as for the particle of these size ranges, 
this is considered to be the origin of a fine crystal organization. 
[0019] Specifically, the intermetallic-compound particle containing Mn of the 
magnitude of 0.5-1.0 micrometers of projected area diameters is 1x105. An 
individual / mm2 Grain refining is not fully attained as to distribute above is 
required and it is a distributed consistency lower than this. Although the 
convention of the distributed condition of this intermetallic-compound particle is 



made into the thing under organization of an annealed material for convenience, 
the intermetallic-compound distribution at the time of annealing will be 
substantially controlled by this. It is appropriate for the distributed consistency of 
an intermetallic-compound particle to measure using SEM and image-analysis 
equipment with a scale factor of about 5000 times. In addition, since it is the 
description of this invention to obtain detailed crystal grain in all board thickness 
fields as mentioned later, it is necessary to also fill regulation of the distribution 
condition of this intermetallic compound in the field of all board thickness fields. 
[0020] Since it becomes the cause that make recovery and recrystallization 
delayed by the intermetallic-compound particle too much when there are many 
especially particles of an especially detailed thing, for example, a diameter 0.2 
micrometers or less, and become non-recrystallized structure, or big and rough 
crystal grain is formed locally, it is not desirable. If it controls to fill a convention 
of particle distribution of the aforementioned 0.5-1 .0-micrometer range with the 
presentation range alloy of this invention, it will be restricted so that a particle 0.2 
micrometers or less may serve as an amount which does not do a bad influence 
substantially naturally. Moreover, if a big and rough intermetallic-compound 
particle exists, since it is connected with formation and the heterogeneous tissue 
of local big and rough crystal grain, it is not desirable. Then, it is desirable for a big 
and rough intermetallic-compound particle 6 micrometers or more not to exist 
substantially. 

[0021] <Crystalline structure> The aluminum-Mn-Mg alloy annealing plate of this 
invention shall have the fine crystal organization of less than 5 micrometers of 
diameters of average crystal grain in all board thickness fields 0.6mm or more. 
Sufficient improvement in on the strength is not attained as the diameter of 
average crystal grain is 5 micrometers or more. The diameter of average crystal 
grain is desirable to less than 3.5 micrometers, then a pan. In order to consider as 
an ingredient with little dispersion in a property, it is important to have a uniform 
fine crystal organization in all board thickness fields 0.6mm or more. It is required 
to be specifically less than 5 micrometers of diameters of average crystal grain in 
a rolling direction cross section on the both sides of the field near the front face 
(it considers as the part from a front face to board thickness 1/4 for 
convenience) and the field based on board thickness (it considers as the part of 
3 / 8 - 5/8 of board thickness for convenience). It is desirable for the difference 
of the diameter of average crystal grain in both fields to be less than 0.7 
micrometers. In order to ask for the exact diameter of average crystal grain, they 
are the two boundary sections (if it is a field "near the front face", the inside of a 
field and the part of board thickness 1/4 are included including a front face, and it 
is the inside of a field.) in a field respectively. If it is a "board thickness core" 
field, it will measure by three or more places which include the inside of a field, 
and the center section in the field including the inside of a field, and the part of 
5/8 including three eighths of the parts of board thickness, and let the average be 
the diameter of average crystal grain of each field. 

[0022] It sets to the rolling direction longitudinal section, and the diameter of 
average crystal grain is SEM-EBSP (Electron BackScatterdiffraction Pattern). 
Measuring with equipment is appropriate. It is appropriate to ask wholly for a 



projected area diameter the thing of the magnitude of four points or more which 
the SEM scale factor set measure point spacing within 2000 times and 1 visual 
field of EBSP to-0.3. micrometers, and was surrounded as this measuring method 
in the grain boundary of an inclination 1 5 degrees or more as crystal grain from 
the number of crystal grain of Perilla frutescens (L) Britton var. crispa (Thunb.) 
Decne. and measurement area. 

[0023] The Manufacture approach> Below, the production process of the 
aluminum-Mn-Mg alloy of this invention is explained. 

The casting approach: Carry out continuous casting to tabular with the cooling 
rate of 150-800 degrees. C/second at the time of coagulation. It is unsuitable in 
order to check obtaining a fine crystal organization homogeneous as a result since 
a big and rough crystallization object is formed here as a cooling rate is less than 
1 50 degrees C/ second at the time of coagulation. Moreover, in order to consider 
as the cooling rate of 800 degrees C/second or more, it is necessary to make 
casting board thickness thin extremely, or to gather a casting rate, and a cast 
metal plate healthy as a material for rolling which has the last board thickness 
0.6mm or more of the object of the invention in this application is not obtained. As 
the casting approach, it is appropriate to use a congruence roll axle-pin rake. 
[0024] Homogenization deposit processing: Homogenization deposit processing 
shall be performed on the conditions which are processing required in order to 
acquire uniform and proper intermetallic-compound particle distribution, and are 
held 2-30h at 480-580 degrees C. You may carry out, after performing this 
homogenization deposit processing after casting or applying cold rolling between 
the heat to 50% of rolling reduction, and between ** after casting. Homogenization 
deposit processing temperature is lower than the convention range, or when time 
amount is short, since a deposit and growth of a sludge do not fully progress and 
suitable intermetallic-compound distribution is not acquired, it is unsuitable. 
Moreover, homogenization deposit processing temperature is higher than this 
range, or when time amount is long, since too much big and rough-ization of a 
sludge takes place and suitable intermetallic-compound distribution is not 
acquired in this case, either, it is unsuitable. 

[0025] Hot rolling: It is not an indispensable process although you may hot-roll 
between homogenization deposit processing and cold rolling. 
[0026] Cold rolling: Cold rolling of 80% or more of rolling reduction is applied after 
homogenization deposit processing, and let an ingredient be end-use board 
thickness 0.6mm or more. In this cold rolling, it is important for everything but 
obtaining the target board thickness to aim at equalization of are recording of 
processing distortion and a processing organization and increase of a 
recrystallization nucleus site, and it leads to achievement of a final fine crystal 
organization by these at it. Since a fine crystal organization that less than 80% of 
rolling reduction of are recording of processing distortion and equalization of an 
organization is inadequate and uniform is not obtained, it is unsuitable. In addition, 
although the upper limit of rolling reduction is not defined, in order to obtain the 
last board thickness made into the purpose, it can be said to be the range which 
even about 95% even of rolling reduction can use actually. 
[0027] annealing: — with the programming rate of 5 degrees C/second or more, 



annealing is heated to 290-420 degrees C, and there is immediately — it is — 
suppose that annealing cooled after holding by 600 seconds is performed. 
Although a-temperature up is performed by rapid heating 5 degrees C [/ second ] 
or more, this is:conditions required in order to make recrystallization cause 
without delay, by making accumulated processing distortion into driving force and 
to obtain a fine crystal organization. Since it becomes inadequate recovery and 
recrystallizing temperature lower than the annealing temperature range of regular, 
it is unsuitable, ancLsince big and rough-ization of crystal grain takes place when 
conversely high, it is unsuitable. Since there is fear of coarsening, it is unsuitable 
to make the holding time of annealing into 600 seconds or more. It is desirable to 
also perform cooling of annealing in a second in 5 degrees C /or more. In addition, 
although this annealing can be performed by a salt bath furnace etc. on a small 
scale, it can carry out consecutive processing of the coil, using continuous- 
annealing Rhine (CAL) as a gestalt suitable for mass production. 
[0028] Hereafter, the example of this invention is explained as contrasted with the 
example of a comparison. 

[Example] The alloy of the chemical composition range shown in Table 1 was 
processed on the production process and conditions shown in Table 2, and 0.7mm 
of board thickness and a 1.2mm annealing plate were produced. Chemical 
composition range [ of Table 1 ] (1) - (4) The production process and the 
conditions A of Table 2 - D Measured value besides a material property is shown 
in Table 3 about the examples 1-14 of a comparison from which both the 
aluminum-Mn-Mg alloy annealing plate of the combined examples 1-8 of this 
invention (example), and chemical composition range, and a production process 
and conditions separate from these. [ both / either or ] In addition, the amount of 
dissolution Mn, intermetallic-compound particle distribution, and measurement of 
the diameter of average crystal grain were performed by the above-mentioned 
approach. 
[0029] 
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[Table 2] 




[0031] 
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[0032] The diameter of crystal grain of the rolling direction longitudinal section by 
measurement according [ each example of invention ] to SEM^EBSP is 5 
micrometers or less in all board thickness fields, moreover the difference of the 
diameter of average crystal grain in both the fields based on board thickness near 
the front face has become very as small as 0.2 micrometers or less, and the 
uniform fine crystal organization is obtained. While this has 21 - 25% of good 
elongation, the mechanical strength is improving and it has become reinforcement 
and the ingredient excellent in ductile balance. The value of (tensile strength- 
proof stress) is 80 or more MPas altogether in the example of invention, and is 
over 100MPa in the examples 2, 3, and 8 of the presentation exceeding Mgl.5%. In 
addition, although not shown in a table, in the example of invention, the big and 



rough intermetallic-compound particle 6 micrometers or more all did not exist. 
[0033] They are examples when Mn addition is low, and since the examples 1 and 
2 of a comparison have less intermetallic-compound distribution which is 0.5-1 
micrometer than a convention, the diameter of crystal grain does not serve as a 
less than 5-micrometer detailed organization, but they are large. [ of the 
difference of the diameter of crystal grain a front face and near a board thickness 
core ] Thereby, proof stress also serves as a low value. 
[0034] Although the example 3 of a comparison is an example for which Mn 
addition exceeds this invention range, since a big and rough crystallization object 
dozens pf micrometers or more is formed at the time of plate continuous casting, 
it cannot serve as a uniform organization. The example 4 of a comparison is the 
case that Mg addition is low, and is low, and the value (tensile strength-proof 
stress) is low. [ of tensile strength ] 

[0035] The examples 5, 6, and 7 of a comparison have many the amount of Mg, 
amounts of Cu(s), Fe(s), and amounts of Si, and since a big and rough 
crystallization object dozens of micrometers or more is formed by each at the 
time of plate continuous casting, they cannot serve as a uniform organization. The 
example 8 of a comparison is the alloy (1) of this invention presentation. Although 
it is the case where DC casting is carried out, since this also has the small cooling 
rate at the time of casting, a big and rough crystallization object dozens of 
micrometers or more is formed. Therefore, a back process was not performed 
about the examples 3, 5, 6, 7, and 8 of a comparison. 

[0036] In the case of low temperature, they are the non-recrystallized structure 
by which recrystallization was suppressed since there were many amounts of 
dissolution Mn and there was less intermetallic-compound distribution which is 
0.5-1 micrometer than a convention, serve as O material, and homogenization 
deposit processing is not performed or they are [ the examples 9 and 10 of a 
comparison have **** and low elongation, and ] low. [ of (tensile strength-proof 
stress) ] In addition, if these are further annealed at an elevated temperature, the 
crystal grain extended to the rolling direction big and rough will arise from a part, 
and a fine crystal organization will not be obtained anyway. By the case where the 
example 1 1 of a comparison performs homogenization deposit processing of long 
duration at an elevated temperature, the diameter of crystal grain does not 
become detailed, but the part and proof stress are low. 

[0037] By the case where the example 12 of a comparison has the small rolling 
reduction between the colds, the diameter of crystal grain does not become 
detailed, but proof stress is low. It is the case where annealing is low temperature, 
and a part serves as an uneven non-recrystallized organization, and the example 
13 of a comparison has low elongation, and is small. [ of (tensile strength-proof 
stress) ] An elevated temperature does not become by batch annealing with a low 
programming rate, and the diameter of crystal grain does not become detailed by 
the case where long duration annealing is carried out, but, as for the example 14 
of a comparison, proof stress is low. 
[0038] 
[Table 4] 
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[0039] The property of the annealing plate of 3004 alloys (Table 1, alloy (12)) 
mass-produced by the direct chill casting process as examples 15 and 16 of a 
comparison and 5083 alloys (Table 1, alloy (13)) is shown in Table 4 for a 
comparison. It turns out each aluminum-Mn-Mg alloy of the examples 1-8 of this 
invention of Table 3 not only has the proof stress higher than 3004 alloys usually 
used in the state of annealed O material, but that it has 5083 alloys and EQC of 
an aluminum-Mg system which contain Mg 4.5%, and the proof stress exceeding 
this, it becomes possible from this point to substitute for the alloy of an 
aluminum-quantity Mg system like 5083 alloys, and in that case, compared with an 
aluminum-quantity Mg system alloy, SCC-proof nature is markedly alike and is 
improved. 
[0040] 
[Table 5] 
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[0041] The result of having compared the aluminum-Mn-Mg alloy of the example 8 
of invention with 5083 alloys of the example 16 of a comparison by the SCC trial 
of a current addition **** type is shown in Table 5. In addition, as an accelerated 
test, this trial cold-rolls O material of 1.2mm thickness 30%, will perform the so- 
called sensitization processing with heating on 120 degree-Cxthe 7th, and is 4 
mA/cm2 in 25-degree C 3.5%NaCI. Adding a current, predetermined tensile stress 
is applied to the **** type test piece of 6mm of modification ****, and fracture 
time amount is found, it is clear that the example of this invention is markedly 
alike, and excellent in SCC-proof nature compared with 5083 alloys of the 
example of a comparison. 
[0042] 

[Effect of the Invention] As above, this invention makes it possible to form a less 
than 5-micrometer fine crystal organization in the whole board thickness of the 
aluminum-Mn-Mg alloy annealing plate of board thickness 0.6mm or more, by 
strengthening by this fine crystal, serves as reinforcement and an ingredient 
excellent in ductile balance, and also expands good corrosion resistance from the 
first and the application as the shaping components for automobiles which were 
not able to be used conjointly until now, an electronic equipment case, etc. 



[Translation done.] 



